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Peripancreatic artery aneurysms—gastroduodenal (GDA) and pancreaticoduodenal (PDA)—are highly unusual. We
report 4 such aneurysms and have collated reports of true peripancreatic artery aneurysms based on an extensive review
of the English literature. From this review, patient characteristics, clinical behavior, outcome and management strategies
are assessed. (J Vasc Surg 2004;40:247-53.)True peripancreatic aneurysms, that is, aneurysms that
involve the gastroduodenal artery (GDA) and pancreati-
coduodenal artery (PDA), are extremely rare, accounting
for only 3.5% of the more than 3000 splanchnic aneurysms
reported in the literature since 1960.1 False or pseudoan-
eurysms of the peripancreatic arterial arcades are more
common, often seen in the setting of inflammation from
surrounding tissues, specifically with pancreatitis. Since
Ferguson’s original description of a superior PDA aneu-
rysm in 1895,2 no definitive study evaluating the natural
history of these lesions or their preferred method of treat-
ment has been published. Most reports in the literature,
usually published as case reports, contain a small number of
patients, and many reviews include both true aneurysms
and pseudoaneurysms in their patient databases. As a result,
it is difficult to draw clinically reliable conclusions. Experi-
ence with the treatment of 4 peripancreatic aneurysms at
the University of Kentucky, 3 GDA aneurysms and 1 PDA
aneurysm, prompted an exhaustive review of the literature
in an effort to better assess patient characteristics, delineate
typical initial symptoms, reveal any associated pathologic
conditions, define risk for rupture, evaluate effective meth-
ods of treatment, and report on expected outcomes.
CASE REPORTS
Case 1. The patient was a 51-year-old woman with a 2.2-cm
GDA aneurysm discovered at the time of a cardiac catheterization.
The celiac artery was occluded at its origin, with retrograde filling
of the proper hepatic artery via the superior mesenteric artery
through the pancreaticoduodenal arcades and the gastroduodenal
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doi:10.1016/j.jvs.2004.03.045artery. Since the aneurysm involved the major arterial collateral
vessel to the liver, it was felt that embolization put the liver at
ischemic risk. Surgery was undertaken with the objective to per-
form an aortohepatic bypass and ligate the aneurysm proximally
and distally if surgically accessible. A generous Kocher maneuver
was performed and it was determined that the aneurysm could be
accessed. The aortohepatic bypass was performed with a Dacron
graft. During dissection of the aneurysm, significant hemorrhage
was encountered from adjacent retroperitoneal vessels. The aneu-
rysm was successfully ligated, but the patient had a prolonged
intensive care unit stay complicated by renal and respiratory failure.
At 2-year follow-up, she is doing well with a patent graft as
documented by duplex scanning.
Case 2. A 37-year-old man with liver failure was being eval-
uated for orthotopic liver transplantation and underwent an angio-
gram for preoperative evaluation. A 3-cm saccular aneurysm was
found originating from the side of the GDA at the confluence of
the pancreaticoduodenal arteries. It was also noted that the com-
mon hepatic artery was occluded. The aneurysm was thrombosed
using a total of 21 coils while maintaining perfusion through the
GDA. Two years following this procedure, the patient remains
alive, awaiting his liver transplant.
Case 3. A 67-year-old woman presented to an outside hospi-
tal with hypotension and shock from intra-abdominal hemorrhage.
An ultrasound demonstrated a retroperitoneal hematoma and
arrangements were made for transfer to the University of Ken-
tucky. There was a 6-hour delay in the transfer, and upon arrival,
the patient was admitted directly to the operating room where she
had a cardiac arrest. She was resuscitated and underwent explora-
tion by a senior vascular surgeon. A Maddox maneuver was per-
formed and the aorta was controlled. The splenic artery was ligatd
at the pancreatic neck and a distal pancreatectomy was performed.
Ongoing hemorrhage was controlled by ligation of a vessel poste-
rior to the head of the pancreas, identified by the surgeon as a
gastroduodenal artery aneurysm. The patient developed a diffuse
coagulopathy, and was packed and taken to the intensive care unit
with plans to perform angiography after she stabilized. The patient
died before an angiogram could be obtained.
Case 4. A 64-year-old man presented with syncope, hypoten-
sion, and shock. He was taken to the operating room emergently
with a presumed diagnosis of a ruptured abdominal aortic aneu-247
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hematoma, but the aorta was of normal size. Exploration of the
abdomen was carried out and after extensive searching, the bleed-
ing was identified from an aneurysm involving a pancreaticoduo-
denal artery. Proximal and distal ligation was performed for control
of the bleeding. Postoperatively, the patient developed pneumo-
nia, respiratory failure, ventricular fibrillation, and an upper-gas-
trointestinal bleed. A follow-up computed tomography scan
showed that the PDA aneurysm was obliterated, but a 1-cm
fusiform aneurysm invovling the middle colic artery was identified.
The patient was discharged to home alive. He had ligation of the
middle colic artery aneurysm 5 months postoperatively.
METHODS
An exhaustive review of the English literature was per-
formed with MEDLINE and PubMed search engines, with
careful review of the bibliographies in each article for other
possible reports. From these reports demographic details,
clinical information, outcomes, and treatments were tabu-
lated for all true GDA and PDA aneurysms. Attempts were
made to exclude false aneurysms, as well as aneurysms for
which the distinction between false and true aneurysms was
either not reported or the character of the aneurysm was
ambiguous (eg, aneurysms in the face of local inflammation
or trauma). Aneurysms that were reported to be associated
with pancreatitis were excluded. The collated data include
the 3 GDA aneurysms and 1 PDA aneurysm treated at our
institution.
Percentages presented for each patient factor have as
their denominator only those patients in which the relevant
information was documented in the report. Statistical sig-
Fig 1. Graph shows risk for rupture relative to aneurysm
were ruptured.nificance was evaluated with the StatView program (version
5.01). Categorical data were compared with the 2 test,
and continuous data were evaluated with a nonpaired Stu-
dent t test. P  .05 was accepted as significant.
RESULTS
A literature review identified 100 manuscripts that con-
tained information about 143 GDA or PDA aneurysms
reported in the English literature between 1946 and
2001.3-103 As expected, each study often represented only
isolated case reports, with no single institution reporting
more than 13 patients.92 Including our institutional expe-
rience, information for 147 patients with 48 GDA aneu-
rysms (33%) and 99 PDA aneurysms (67%) was tabulated,
and forms the basis of the current study.
Demographic data. The average age (SEM) of pa-
tients with peripancreatic aneurysms was 58.2  1.2 years
(range, 20-79 years). No significant age difference was
noted between patients with GDA aneurysms (56.8  2.6
years) or PDA aneurysms (58.9  1.4 years). The male-
female distribution of patients with GDA aneurysms was
0.95 to 1.0, similar to that in patients with PDA aneurysms,
1.73 to 1.0. The distribution of GDA and PDA aneurysms
among ethnic groups was similar. Of patients with GDA
aneurysms, 61% were white, 28% were Hispanic, and 11%
were African American. The ethnic distribution of patients
with PDA aneurysms was 46% white, 27% Asian, 16%
African American, 8% Hispanic, and 3% other.
Clinical presentation. The most common initial
symptom of peripancreatic aneurysm was abdominal pain
(52%), which occurred slightly more often in patients with
. Note that all aneurysms smaller than 1 cm in diamtersize
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(46%). Other symptoms or signs included gastrointestinal
bleeding (24%), hypotension (22%), pulsatile mass (6%),
and other nonspecific gastrointestinal symptoms such as
vomiting, jaundice, and diarrhea (13%). A few asymptom-
atic aneurysms (7%) were discovered during diagnostic
evaluation for other medical problems, such as during
cardiac catheterization, computed tomography performed
for other indications, and evaluation for liver transplanta-
tion. Rupture was common, occurring in 35% (14 of 40) of
GDA aneurysms. Locations for GDA aneurysm rupture
included hemorrhage into the bowel (7 of 14; 50%), retro-
peritoneum (5 of 14; 36%), peritoneum (1 of 14; 7%),
portal vein (1 of 14; 7%), and unknown sites (2 of 14; 14%).
As compared with GDA aneurysms, rupture was observed
almost twice as frequently in patients with PDA aneurysms,
occurring in 62% of patients (56 of 90; P  .004). PDA
aneurysm rupture was most commonly retroperitoneal
(28/56; 50%), followed by bowel (10/56; 18%), intraperi-
toneal (7/56; 12%), and unknown sites (11/56; 20%). Of
interest, no correlation was found between aneurysm size
and risk for rupture (Fig 1). In fact, all aneurysms smaller
than 1 cm (n  5) were ruptured at presentation.
Associated vascular disease. During evaluation to
identify the cause of patients’ complaints or source of
hemorrhage, or at intervention, aneurysms involving other
arteries were noted. Other aneurysms were noted in 18% of
patients with GDA aneurysms (7 of 39) and in 24% of
patients with PDA aneurysms (20 of 83). Locations of
associated aneurysms were other mesenteric vessels (n 
27), renal arteries (n  3), aorta (n  1), and intracranial
cerebral vessels (n  1).
In addition to associated aneurysms, patients were
noted to have celiac occlusive disease, defined as an oc-
cluded celiac trunk or high-grade (hemodynamically signif-
icant) stenosis (Fig 2). Celiac occlusive disease was present
in significantly more patients with PDA aneurysms (38/62;
33%) as opposed to GDA aneurysms (5/15; 33%; P  .05).
By comparison, only 3% of patients with PDA aneurysms
(2/60) and 9% of patients with GDA aneurysms (1/11)
were noted to have superior mesenteric artery occlusive
disease.
Treatment and outcome. The most often used treat-
ment was either ligation or embolization. Documented
treatment for patients with GDA aneurysms was ligation in
63% (20 of 32) and embolization in 28% (9 of 32). Treat-
ment for patients with PDA aneurysms included ligation in
44% (27/61) and embolization in 49% (30/61). Bypass
was performed in only 4% of all patients. In patients with
ruptured aneurysms (GDA or PDA) for whom treatment
was documented, 51% (26/51) underwent ligation, 47%
(24/52) underwent embolization, and 2% (1/51) under-
went bypass surgery. Before 1980, embolization was per-
formed in 3% of patients, compared with 37% after 1980 (P
 .005). Overall survival was 85% (28/33) for patients
with GDA aneurysms, and 83% (65/78) for patients with
PDA aneurysms. The mortality rate for patients with PDA
rupture was higher than for those diagnosed prior to rup-ture (21% [13/63] vs 9% [4/47]), although this did not
reach statistical significance because of small total patient
numbers.
DISCUSSION
Peripancreatic arterial aneurysms are extremely uncom-
mon but clinically important pathologic lesions. To date,
there is limited knowledge concerning the clinical charac-
teristics, outcome, and best treatment, because most au-
thors report isolated cases and there are no reports from a
single institution with substantial experience with these
lesions. PDA aneurysms account for only 2% of all visceral
artery aneurysms reported since 1960, and GDA aneurysms
are even more uncommon, composing only 1.5% of re-
ported visceral aneurysms.1 Much of the current literature
mixes both inflammatory aneurysms (pseudoaneurysms)
due to peripancreatic inflammation103,104 and true aneu-
rysms. This results in confusion as to the natural history of
true aneurysms involving the peripancreatic arteries. Best
treatments options may also be confusing when attempting
to evaluate a heterogeneous mix of patients.63,103,105 In
the current study, we have attempted to include only
patients with true aneurysms. As stated in the Methods
section, we excluded patients with aneurysms that were
associated with trauma or pancreatitis. We also excluded
patients for whom the reports were ambiguous.
It has been reported previously that PDA and GDA
aneurysms exhibit a 4:1 male predominance.106 The current
study found that GDA aneurysms affect men and women
equally and that the male predominance of PDA aneurysms is
Fig 2. Lateral aortogram with evidence of celiac stenosis (arrow)
and associated gastroduodenal aneurysm (arrowhead).
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be explained in that previous studies often included pseudoa-
neurysms related to alcoholic pancreatitis, whereas the current
study focused only on true peripancreatic aneurysms.
The presentation of these aneurysms is varied and non-
specific. In only 6% of patients was a palpable pulsatile mass
present. Given the rarity of these lesions, accompanied by
their deep-seated, retroperitoneal location, it is unlikely
that most peripancreatic aneurysms will be diagnosed solely
on the basis of clinical examination and physical findings.
However, with the quickly advancing technology of con-
trast-enhanced computed tomography, its rapid scan acqui-
sition capabilities, and its widespread use and availability, it
is likely that over time more of these aneurysms will be
diagnosed in patients without symptoms (Fig 3).
Certainly the importance of these aneurysms is tied to
their risk for rupture and the attendant mortality associated
with such occurrence. Of significance, and in contrast to
previous reports,107 the number of PDA aneurysms that
were ruptured at presentation was twice that of GDA
aneurysms. The current study suggests that 35% of GDA
aneurysms and 62% of PDA aneurysms are ruptured at
presentation, carrying a mortality rate of 21%. As risk for
rupture is unrelated to size, any PDA or GDA aneurysm
should be considered for definitive treatment once the
diagnosis has been made.
The pattern of rupture favored a more retroperitoneal
location for PDA aneurysms, and rupture was second only
to abdominal pain as an initial symptom. The finding that
PDA aneurysms more commonly ruptured into the retro-
peritoneal location is explained by the deeper retroperito-
neal location of the PDA arcade throughout its course,
whereas the GDA often lies directly beneath the second
portion of the duodenum and lacks more vigorous invest-
ing retroperitoneal tissue.
This study confirms that there is a significant incidence
of associated celiac occlusive disease, especially in patients
Fig 3. Contrast-enhanced computed tomography scan demon-
strates a large gastroduodenal aneurysm with calcification of the
aneurysm wall (arrow).with PDA aneurysms. Other authors have attempted to link
the finding of celiac occlusive disease to a possible mecha-
nism for development of these aneurysms. They have sug-
gested that increased flow through the peripancreatic ves-
sels that serve as collateral vessels from the superior
mesenteric artery is a factor for the development of these
aneurysms.20,34,61,68,74,75,82,89 However, there remain a
large number of aneurysms that occur in the absence of
celiac occlusive disease, making this reasoning somewhat
suspect. The number of associated aneurysms in both the
visceral and nonvisceral circulation (eg, aortic, intracere-
bral) also suggests that a systemic cause, such as an athero-
sclerotic or degenerative process, may have an important
role in the formation of aneurysms of the peripancreatic
arteries.
Treatment in the acutely unstable patient may prompt
the surgeon to operate without a definite diagnosis, as was
required in 2 of our cases. In the case of a ruptured
peripancreatic artery aneurysm, the surgeon is faced with a
large retroperitoneal hematoma that may initially be mis-
taken for a ruptured aortic aneurysm.54 Supraceliac clamp-
ing and exploration of the lesser sac and area around the
duodenum may reveal the source of hemorrhage. How-
ever, while GDA aneurysms are sometimes more readily
accessible behind the duodenum and can often be directly
oversewn, the same may not be true for PDA aneurysms.
This difference in anatomic location and accessibility may
explain why ligation was used more often in treatment of
GDA aneurysms as opposed to PDA aneurysms. PDA
aneurysms are often located deep within the parenchyma of
the pancreas, and their detection at surgery, even in an
elective setting, may be unsuccessful in as many as 70% of
cases.108 In such instances use of intraoperative duplex
scanning may aid in localization of smaller aneurysms.
Extensive collateralization of the peripancreatic bed may
make hemostasis difficult to achieve, and pancreaticoduo-
denectomy has been required in some cases where the
anatomy has been grossly distorted by the large retroperi-
toneal hematoma that results from rupture.91 In most cases
ligation or embolization of the aneurysm is all that is
required. This is clearly demonstrated in the current series,
in which only 4% of all patients underwent bypass grafting.
The current study demonstrates that embolization is
being more frequently used in contemporary practice.
Given the often difficult task of identifying and isolating
aneurysms of the peripancreatic arteries intraoperatively,
catheter-based treatment is emerging as the treatment of
choice in most patients.103 It will be important to follow up
those patients who have undergone embolization, how-
ever, as recanalization requiring repeat intervention has
been documented in short-term follow-up, requiring rein-
tervention.63 Various methods have been used for success-
ful embolization, including intravascular coils, gelatin
foam, cyanoacrylate glue, ethanol sclerosant, and detach-
able balloons.103 With the advent of smaller profile cathe-
ters and wire-based techniques, more selective arterial em-
bolization has become possible, with decreased risk for
visceral ischemia. Reported iatrogenic aneurysm rupture
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has led to the more generalized use of intravascular coils for
selective embolization.109 As with ligation, however, clini-
cal judgment must be used in patients with celiac occlusive
disease. A combination of aneurysm ligation or emboliza-
tion with mesenteric bypass may be indicated if emboliza-
tion or ligation of the peripancreatic aneurysm risks oblit-
erating the major arterial collateral vessels to the celiac
circulation. In such cases consideration should be given to
concurrent celiac revascularization, with either open bypass
or transluminal endovascular intervention. In most pa-
tients, because of the relatively inaccessible anatomic loca-
tion of the peripancreatic artery aneurysm, we feel that it is
safer to obliterate the aneurysm with coils after the celiac
occlusive disease has been resolved.
The current study is a retrospective review of case
reports from many published articles, and has inherent
limitations. It is clear that important clinical data for each
patient are not included in all reports. While attempts were
made to report only true aneurysms, we acknowledge that
some of the aneurysms included in this report may, in fact,
be false aneurysms. It remains to be determined whether
the distinction between true and false aneurysms is clinically
relevant. Future studies will be needed to characterize false
aneurysms to determine whether there is a clinically impor-
tant difference. Another limitation to the current study is
that outcomes are probably skewed, favoring survival and
successful interventions, inasmuch as it is less likely that
authors would report poor outcomes. Despite these limita-
tions, the current report is invaluable in that it emphasizes
a number of factors concerning peripancreatic aneurysms.
Peripancreatic aneurysms pose a risk for rupture, are asso-
ciated with celiac occlusive disease in a significant number
of patients, and can most often be successfully treated with
endovascular embolization. More accurate characterization
of these aneurysms will require a prospective study, with
patient information obtained from a large number of insti-
tutions. Such a study could be done under the auspices of a
regional or national vascular society, as proposed by Dr
Timothy String and emphasized by Dr Patrick Clagett in
his presidential address to the Southern Association for
Vascular Surgery.110 We envision a Society’s endorsement
of such a project, whereby specific and standardized patient
information would be solicited from the membership in a
retrospective and/or prospective manner. In such a study,
it would be important to report both true and false peripan-
creatic aneurysms to confirm the current observations and
determine if there are differences in behavior, management,
or outcome.
CONCLUSION
Peripancreatic aneurysms are rare lesions with a signif-
icant risk for rupture regardless of size. Rupture is often the
initial symptom, and intraoperative isolation and control,
especially in the case of PDA aneurysms, can be difficult and
morbid. Because of these difficulties, the treatment of
choice is an endovascular approach with embolization of
the aneurysm. Despite a relatively high incidence of associ-ated celiac occlusive disease, revascularization does not
appear to be required in most patients. However, if oblit-
eration of the aneurysm would compromise the collateral
flow to the liver, we recommend celiac revascularization by
means of endovascular or open techniques before emboli-
zation of the aneurysms. The current report represents the
most comprehensive review of true peripancreatic aneu-
rysms to date. Corroboration of the findings in this report
with regard to patient outcomes, optimal treatment, and
characterization of these aneurysms will require a prospec-
tive, multicenter study.
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